are routinely conducted in several countries on nationally representative samples, often on a regular basis. The HCES have been considered as a potential alternative to more expensive surveys of individuals' food intakes for use in nutritional assessment and in planning programs such as food fortification. HCES gather information on household food availability (purchased, produced, or received as gifts) and use over a given period of time, often the past week or month.
Introduction
Dietary surveys are used widely to assess food and nutrient intakes at the population or individual level in order to identify nutrient gaps or the risks of inadequate or excessive intakes for program or policy purposes. Several methods and tools exist to collect dietary intake data, but the complexity and cost of dietary surveys often discourage their widespread use in developing-country contexts. As a result, few developing countries have reliable dietary intake data available for assessment, program design, and planning or for monitoring and evaluation, and even fewer have such information for a nationally representative sample. Representative panel data sets (repeated dietary surveys to estimate trends and changes in dietary patterns over time) are even less common. For these reasons, Household Consumption and Expenditures Surveys (HCES), which are routinely conducted in several countries on a nationally representative sample, often on a regular basis (i.e., every few years), have been considered as a potential alternative for use for nutritional purposes [1] .
The HCES provide food consumption data gathered at the household level, as opposed to food intake data gathered at the individual level using instruments such as 24-hour recalls. In this paper, we will use the term "food consumption" because it corresponds to "consumption" as used more broadly by economists in welfare analyses [2] to refer to food that is available and consumed by the household over a specific period of time. Food might be available from acquisitions during the period of interest (purchased, produced, or received as a gift) or available in the household's stores at the start of the period. HCES data cover a given period of time (usually 1 or 2 weeks) and therefore may not capture the household's usual long-term consumption. Another potential limitation of these surveys is the fact that they are rarely designed to capture consumption of foods outside the home, which results in an underestimation of total consumption in populations who frequently eat outside the home, such as those who live in urban or periurban areas [3] .
In this paper, we review some of the strengths and potential weaknesses of using HCES for nutritional assessment purposes and for planning dietary interventions, including the design of fortification programs. Before that, we present a short overview of the types of information needed to assess and plan nutrient intakes of individuals at the population level.
What information is needed to assess nutrient intakes of a population and to design nutritional intervention programs?
Public health officials and nutrition professionals are interested in understanding whether different segments of the population, rather than specific individuals, have adequate, but not excessive intakes of essential nutrients. If intakes are not adequate, then a nutritional intervention may be needed. Some of the questions of interest to policy makers and public health scientists include the following: » Is the population-level prevalence of inadequacy unacceptably high for any nutrients; if so, which segments of the population are most affected? » What is the "gap" between intake and requirements for different population groups? » Are some segments of the population likely to have intakes that may be excessive? » What nutrition interventions should be planned? For example, for food fortification purposes, can the best vehicle(s) to fortify be identified?
The methodology to answer these types of questions has been discussed in detail in two reports from the Institute of Medicine [4, 5] . These methods assume that accurate measures of intakes, collected by methods such as 24-hour recalls, by groups of individuals are available. Here we briefly describe these approaches, and in the next section, we discuss how they might be extended to household-level food consumption data.
In order to reliably assess the prevalence of nutrient inadequacy (or excess) in a group of individuals, it is necessary to estimate the distribution of usual nutrient intakes in that group. Usual intake, defined as the long-term average intake of a nutrient by an individual, is challenging to collect because it would require many days of intake data [6] . This is necessary because there is considerable day-to-day variability in food intake by individuals. In other words, although there is an underlying long-term average intake of a given nutrient, on a daily basis a person's intake may be more or less than the underlying average. Simply ignoring the fact that daily intakes are subject to day-to-day variance can lead to severely biased estimates of the prevalence of inadequate and excessive usual intakes [4] .
In principle, usual long-term food intake information could be collected directly from each individual by asking about usual intake from a list of foods using instruments such as Food Frequency Questionnaires (FFQs). However, research indicates that this approach does not capture usual food intake with sufficient accuracy [7] . Instead, each individual's intake on one or two days is collected, and the distribution of these short-term intakes is adjusted to represent a distribution of usual nutrient intakes by applying the appropriate statistical method (see, e.g., National Research Council [8] and Nusser et al. [9] ) to remove the effect of day-to-day variability in intakes. Twenty-four-hour recalls and food records are examples of instruments that-with some limitations-capture daily nutrient intake at the individual level [10] .
Estimates of usual nutrient intake distributions using daily nutrient intakes and the appropriate statistical method can provide answers to the questions above. More specifically, it is possible to estimate the proportion of individuals whose usual intakes do not meet their requirements by estimating the proportion of persons in a group whose usual intake is below the Estimated Average Requirement (EAR) for that group [4, 11, 12] . This approach works for most micronutrients; alternative methods can be used for macronutrients and for selected micronutrients (e.g., iron) [4] . Similarly, the proportion of individuals with excessive intakes can be estimated by computing the proportion of persons in a population group with usual intakes above the Tolerable Upper Intake Level (UL).
The difference between the actual prevalence of nutrient inadequacy and the desired prevalence of nutrient inadequacy is often used to decide if a nutrition intervention is needed. The nutrient gap can be calculated as the additional intake that will ensure that only a small percentage of the population (such as 3% to 5%) falls below the average requirement [5] . Once the gap is estimated, nutrition interventions can be designed to reduce or eliminate the gap. For example, a food fortification program might be designed for this purpose [13] .
In what follows, we discuss the compromises and assumptions that are needed to use HCES householdlevel consumption data to estimate nutrient adequacies (and excesses) for populations of households and of individuals.
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Using HCES for nutritional assessment and planning
Can household-level food consumption data provide information to evaluate nutrient consumption of a population?
Can household data be used to identify nutrient inadequacies, and which segments of the population are most likely to have inadequacies?
There are two approaches that may be used to estimate the prevalence of nutrient inadequacy in a population using household-level data. Both involve estimation of food and nutrient consumption, and then comparison of nutrient consumption with nutrient requirements. However, one approach makes the comparison at the household level, and the other approach makes the comparison at the individual (i.e., household member) level. Both approaches rely on an estimate of nutrient requirements of the individuals living in the household.
Identifying groups of households that have nutrient inadequacies
The first step in evaluating adequacy for a group of households is to use the data on foods consumed to estimate the daily consumption of energy and nutrients by each household. This is done by converting the amounts of each food consumed to gram weights and using a food composition table to calculate each household's total energy and nutrient consumption for the period of recall (often 7 days). The household's daily consumption can then be calculated.
The second step is to estimate the household daily energy requirements by summing the needs for each household member [14] . These estimates are often made based on the age, sex, physiological status, and (ideally) physical activity of each family member, and are expressed relative to the energy requirement of an adult male. For example, women's and children's energy requirements are represented as a fraction, such as 0.8 for a nonpregnant or nonlactating woman and 0.6 for a child under 5 years of age. Using an estimate of the energy needs of a typical adult male (typically 3,000 kcal/day), the total household energy requirement can be estimated based on the number of Adult Male Equivalent units (AMEs) in the household. This total can then be compared with the estimated one-day energy consumption of the household. If the energy consumption is less than the energy requirement, then the household is considered energy deficient. This approach assumes that the period represented by the household survey (typically, 1 week) represents usual consumption by the household over a longer period, such as a full year.
This traditional approach to evaluating household energy consumption can be extended to nutrients. However, the factors used to calculate AMEs for a vitamin or a mineral may be quite different from those for energy, as women and adolescents may have higher requirements than men for some nutrients (e.g., iron) [15] .
For nutrients, it is possible to estimate the prevalences of inadequacy among a group of households using the EAR cutpoint method [4, 9] . This approach looks at the distribution of household consumption relative to the household EAR. Software such as the International Monitoring, Assessment, and Planning Program (IMAPP) [16] would be appropriate for this purpose but has not yet been used in this way. Data could also be analyzed to look at which segments of the population (or groups of households) have nutrient inadequacies (e.g., urban vs. rural, low vs. middle socioeconomic status) using other variables routinely collected in HCES.
Note that such an approach would be more accurate if a measure of the variability of household intakes across a year were available for each nutrient; this estimate could be obtained by repeating the household consumption measure for a subset of the households in the survey, or by using estimates of this variability from similar surveys with repeated measures for the same household (e.g., a panel survey). Although food consumption collected by HCES may reflect usual consumption over a week or a month, it is unlikely to reflect usual long-term consumption across all seasons of a year. Thus, as discussed earlier, it is necessary to adjust the consumption distribution to remove the effect of within-household variation.
Although the prevalence of inadequacy among a group of households can be estimated by adjusting the consumption distribution and using the EAR cutpoint approach, the estimate relies on several statistical assumptions about the distribution; as a result, the adequacy of a specific household cannot be determined using this approach [4] .
Identifying groups of individuals that have nutrient inadequacies
For this type of evaluation, the household-level food consumption is allocated to each member of the household based on proportional energy needs relative to an AME. For example, if 500 g of meat is consumed by the household, it is divided by the total number of AMEs of the household (e.g., if the household consisted of 5 AMEs, then 100 g of meat would be consumed per AME). Then, to estimate the consumption of meat by members of the family, 100 g is multiplied by each member's fraction of an AME. This is the approach used by Bermudez in her analyses of the data from Bangladesh [17] . Note that a crucial assumption of this approach is that all food is divided proportionally to energy requirements among all family members.
Based on this allocation of food, the energy and nutrient consumption of each individual in the household can be derived using the method described above for the household. Data can also be analyzed by programs such as IMAPP [16] to estimate energy adequacy or the prevalence of inadequacy for nutrients among different groups of individuals (women, small children, etc.).
Can household-level data be used to determine the gap between intake and requirements at the household or individual level?
Once the prevalences of household inadequacies have been examined, it is possible to estimate how nutrient consumption should be changed to reduce any identified problems. One of the first steps in such an evaluation is to decide what prevalence would be of concern. Previous analyses of inadequacies using individual-level data have identified 2% to 3% or 5% as a threshold prevalence, but in many developing-country evaluations, higher thresholds may be appropriate for adoption in programs. Once this decision is made, then the additional consumption that would be needed to reduce prevalence to this level could be identified. For example, an additional consumption of 31 mg of vitamin C was identified as the amount needed to reduce the prevalence of inadequacy from 27% to 5% for a group of adolescent males in the United States [8] . This type of calculation has been described in more detail elsewhere [5] .
Can household-level data be used to be sure no segment of the population is likely to have nutrient intakes that may be excessive?
As food fortification and nutrition supplement use becomes more common, it is important also to be able to evaluate the prevalence of intakes that may be excessive. Such an evaluation is particularly crucial before undertaking large nutrition intervention programs that may substantially elevate intakes of both targeted and untargeted individuals. For example, a hypothetical intervention to add vitamin A to milk might reduce the prevalence of inadequacy among adult women but substantially elevate the risk of excessive intakes for adolescent boys [5] .
Household consumption data may be used to evaluate excessive consumption using the same approaches that are described above to estimate inadequacies. However, the AME concept now must be applied to the UL, rather than to the EAR. The UL for each household member must be evaluated relative to that for an adult male for each nutrient, to determine the total household UL for that nutrient. Then household consumption can be compared with the household UL to evaluate whether consumption is at risk of being excessive. In this case, the UL is used as a cutpoint, preferably after adjusting the distribution of consumption data for within-household variability, to calculate the prevalence of households with potentially excessive consumption. As with the evaluation of inadequacies, the characteristics of households at risk for excessive consumption can be examined. If the household food items have been allocated to individuals, then it is also possible to evaluate the prevalence of potentially excessive consumption for age, sex, and reproductive status groups.
Can household-level data be used to plan nutritional interventions, such as food fortification programs?
Once the gap in consumption has been identified, then nutrition programs that might reduce the gap can be considered. Multiple interventions may be needed to address inadequacies across different demographic population groups and across multiple inadequacies.
Simulations of anticipated changes in the distribution of consumption resulting from interventions may also be useful at this time. Based on these hypothetical changes, as well as other considerations, a suitable intervention (or set of interventions) can be chosen.
A particular strength of household-level consumption data is the wealth of information on foods that are commonly consumed by the populations of interest. Such data are helpful in determining which nutrientrich foods to promote, but they also may be used to select vehicles to be used for food fortification programs. An ideal vehicle is widely consumed by the target populations and is processed at a central location where the fortificants can be added to the food [13] .
Once an appropriate vehicle (or multiple vehicles) has been chosen, then the food composition table can be altered to reflect the proposed level of fortification, and a new level of nutrient consumption can be calculated for each household. Finally, a revised prevalence of nutrient inadequacy (and risk of excessive consumption) can be estimated for households, or for the individuals residing in the household. Utilizing these types of simulation prior to implementing fortification programs can be an efficient way to predict impact before investing time and funds in extensive nutrition interventions.
What are the advantages and disadvantages of different types of data for evaluating the need for nutritional interventions?
Several types of data may be useful when assessing nutrient adequacies (and excesses) of populations. Surveys may collect food consumption data at the household level, or food intake data at the individual level. Biomarkers of nutrition status, typically analyzed from blood or urine samples from individuals, also can provide useful information. All have strengths and limitations for evaluating the need for nutritional interventions.
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Household-level surveys
Important reasons for using household surveys include their availability in many countries and the regular frequency with which they are conducted. As discussed elsewhere in this Supplement, such surveys may already be in place within a country, and the data may be available for further analysis for nutritional purposes [1] . If the data are not sufficiently detailed for these purposes, changes in future surveys may be possible without a large investment in a new survey.
The accuracy of household-level surveys has not been extensively evaluated, so it is difficult to know how well they capture actual household food consumption. The results of such evaluations would vary depending on the HCES methodology, further complicating any broad conclusions. Because household surveys cover multiple days, one possible concern is the ability of the household respondent to completely report all foods that were consumed. Respondents may be able to better remember the items that were purchased, but an evaluation of nutrient adequacy depends on knowing what was consumed from these purchased items, and also on knowing what was consumed from items that were previously purchased, home produced, or received as gifts from others, as well as food consumed outside the home [1] . For HCES that administer a questionnaire with a food list, accuracy can also be impacted by the length of the questionnaire. Unless all of the major nutrient sources (from foods and supplements) in the diet are included, food and nutrient consumption will be underestimated.
Household-level consumption data are limited by the lack of information on intrahousehold distribution of foods. Although assumptions can be made about the distribution, based on the calculated energy needs of the family members, errors are likely to be introduced. Thus, an evaluation of nutrient inadequacies and excesses by groups of individuals will be an estimate, at best.
The detailed information on foods purchased and consumed by households is particularly useful for designing national or regional food fortification programs. Household-level surveys can be used to determine the coverage of a potential food fortification vehicle, to estimate the amounts consumed (assuming that quantities can be estimated from the survey), and ultimately, to inform decisions about which vehicles to fortify. They would be less useful, however, for targeted fortification programs aimed at increasing intakes of selected nutrients for specific age groups or individuals with special needs (e.g., small children or pregnant women), given their apparent lack of precision in estimating nutrient consumption at the individual level.
Much depends on the quality of the household data-do they accurately reflect true total consumption (not just acquisition) by the household? Box 1 outlines some of the essential elements of an HCES that will be used to estimate nutrient inadequacies and excesses, and suggests ways in which the accuracy of the collection might be improved.
Individual-level surveys
Surveys that collect dietary intake data for individuals can provide detailed information on the distribution of food within a household. These data are typically collected either as one-day dietary recalls or as food records of daily intakes [10] . Such data are not without errors, most commonly seen as underreporting. Furthermore, they usually cover short time periods, so that it is important to have replicate days in order to adjust for day-to-day variation when evaluating dietary inadequacies and excesses for a population. Programs such as IMAPP or PC-SIDE may be used to make such adjustments [16] .
Individual-level surveys are typically very timeconsuming and expensive to conduct for a nationally representative sample. FFQs are sometimes used for large samples, particularly when investigating diet and disease relationships, and often are used to quantify usual intakes over the past month or past year [10] . Although the cost of administering such questionnaires may be lower than that for other types of individuallevel surveys, the accuracy of the resulting intake data is thought to be too low for estimating dietary inadequacies [7] . There are some obvious similarities between BOX 1. Characteristics of and improvements to household consumption data that might make them more suitable for nutritional assessment and planning
The following characteristics of household data are desirable: » Contains accurate information on quantities con-Contains accurate information on quantities consumed (not just what was purchased) » Uses a food list that contains all of the commonly consumed and nutrient-dense food items » Asks about foods that are consumed but not pur-Asks about foods that are consumed but not purchased (e.g., food from household production or supplies, food received as gifts) » Ensures that food obtained outside the home is included » Contains information on all individuals (household members or guests) who were present at each meal during the period of recall (and their age, sex, and physiological status to derive AMEs)
Possibilities for improving the accuracy of the household methodology: » Notify household in advance to keep any receipts (where applicable) » Ask for a diary of purchases » Ask for a menu of meals over the past week » Ask for a list of meals shared with guests S240 S. Murphy et al. such list-based questionnaires for individuals and list-based questionnaires that are often used to collect household consumption data. However, it is possible that the household questionnaires are more accurate, because they cover a relatively short time period (typically, the past week) and also because the respondent is recalling household purchases or consumption, which may not introduce the underreporting biases seen with intake questionnaires and recalls [7] . Many studies have reported an underreporting bias of 20% or more of energy intake by individuals [18] . Better evaluations of the relative quality of consumption data collected for households and intake data for individuals are greatly needed.
Biomarkers of nutritional status
Biomarkers are physiological measures of an individual's nutritional status, and given the limitations of dietary intake data, are often used as an objective measure of nutrient inadequacies. Common nutritional biomarkers include serum ferritin as a measure of iron status and serum retinol as a measure of vitamin A status [4] . Clinical measures may also be helpful in quantifying deficiencies, such as rickets for vitamin D and goiter for iodine inadequacy. Although data on biomarkers are often expensive to collect and analyze, they can be a useful supplement to dietary data.
However, biomarkers are not without limitations, such as the cost and need for trained personnel for the collection and analytic laboratory facilities for the analyses. Biological samples are usually perishable and may require refrigerators and freezers for preservation. Many biomarkers are affected by nondietary factors, such as the known effect of infections on serum ferritin [10] . Furthermore, there is considerable day-to-day variation in most biomarkers, which may reflect recent dietary intakes rather than long-term intakes. Some of the strengths and limitations of biomarker data have been discussed elsewhere [19] .
Research needs
Although attempts to estimate nutrient consumption by individuals using household-level data have been made, the validity of the resulting data has not been rigorously tested. Box 2 summarizes five types of study that should be conducted to better evaluate the strengths and weaknesses of household data for nutritional assessment and planning.
One type of study that could provide useful information is a comparison of nutritional data collected from the same household using multiple methods. For example, 24-hour recalls could be conducted for each member of the household, as well as administering a standard HCES to determine household food consumption. Dary and Rambeloson Jariseta [20] used this method specifically to estimate consumption of main food staples. Biomarkers could also be incorporated as a physiological standard. This type of study could also be used to check the key assumptions used for household analyses, such as the use of AMEs to estimate food and nutrient consumption among members within the household.
The feasibility of regularly supplementing recurring national or regional household-level surveys with collection of individual dietary data, such as 24-hour recalls, for a subsample should be investigated. Such a combination of methods would be particularly useful for identifying household members most likely to be at risk.
There has been a lack of research on the variability of household-level estimates of nutrient consumption, and in particular, almost no data are available on the week-to-week or season-to-season variation of such measures. Existing surveys that collect data from the same household at multiple time points across a year (panel data) could be used for this purpose.
When determining an appropriate method for collecting food consumption data for nutritional purposes, it is necessary to balance increases in cost and subject burden with increases in the quality of the data. It would be helpful to have pilot studies that quantify the advantages and disadvantages of various changes to the methods of collecting household data.
Although this paper does not focus on methods of monitoring changes resulting from fortification and other nutrition interventions, more research is needed to determine the best evaluation methods. It is likely that a combination of household and individual dietary data (at least for a subsample) would be needed for this purpose. BOX 2. Potential research studies to evaluate strengths and weaknesses of household data for nutritional assessment and planning » Comparison studies using data from the same households collected using multiple methods (e.g., household consumption and individual intakes from 24-hour recalls) » Feasibility studies of supplementing household surveys with individual-level surveys, at least for a subsample » Panel studies (i.e., multiple measures over time on the same household) to estimate the within-household variation in food consumption over time » Pilot studies to evaluate the cost and impact of changes to the household data collection methods » Studies to determine the best methods to evaluate the impact of nutrition interventions on dietary nutrient adequacy (and excess)
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Conclusions
Because HCES are routinely conducted in many countries, they present an attractive alternative to individual dietary surveys for assessing energy and nutrient consumption and for planning nutrition programs. However, there are several limitations to the HCES, most notably the difficulty of quantifying intakes of the individual household members. In the HCES, assigning amounts of foods to individuals within the household relies on the calculated AMEs, but the validity of such assumptions is not known. Another concern is the lack of information on the within-household variability of the observed food consumption over time. Other issues, especially those regarding the completeness of the consumption data, might be addressed by improvements to the questionnaires that are administered.
Research is needed to better understand both the strengths and the weaknesses of the HCES data when they are used to estimate food, energy, and nutrient consumption at the household and individual levels, and how these consumption measures relate to corresponding intakes of individuals.
